Septo-optic dysplasia (SOD) is a rare disorder associated with optic nerve hypoplasia, pituitary abnormalities and agenesis/dysgenesis of midline brain structures including the septum pellucidum and corpus callosum. Though sometimes associated with drugresistant epilepsy, this association has not been well studied. We report six SOD patients with associated malformation of cortical development (MCD) and drug-resistant epilepsy who underwent video-EEG telemetry at our centre between 1998 and 2016 for drug-resistant epilepsy. Three then underwent surgery; Right temporal neocortical resection, right functional hemispherectomy and placement of a vagus nerve stimulator.
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Introduction:
Septo-optic dysplasia (SOD) is an uncommon developmental anomaly, initially described in 1941 1 and again in 1956 2 , that has an estimated incidence of roughly one per 10,000 live births 3 . Occurring in both males and females, it is classically characterized by the triad of optic nerve hypoplasia; midline brain abnormalities that include the absence of the corpus callosum and septum pellucidum; and hypothalamicpituitary endocrine deficiencies [4] [5] [6] . However, it also appears in conjunction with a wide variety of cerebral anomalies, albeit most consistently with schizencephaly [7] [8] [9] [10] [11] [12] [13] , such that the term SOD-Plus was recently proposed to describe SOD associated with cortical dysplasia 8 . The clinical presentation of SOD can range from mild to no symptoms 14, 15 to severe developmental delay and incompatibility with life. It also can be associated with mild to severe visual impairment, sensorineural hearing loss, and a range of other symptoms and signs that include a variety of endocrine disorders including precocious puberty, dwarfism and diabetes insipidis; other skeletal abnormalities; anosmia; and a range of cardiac anomalies, among others 5, 7, 8, 10, [16] [17] [18] [19] [20] [21] [22] . Seizures have also been described, which range from infantile spasms [23] [24] [25] to drug-resistant epilepsy presenting either during childhood or adulthood 4, 5, 9, 11, 13, 19, 20, [26] [27] [28] [29] [30] [31] . However, most published reports on seizures in patients with SOD are limited to a single case or at most a few patients.
In this report, we review the central nervous system (CNS) findings associated with SOD in six adult patients, ranging in age from 18 to 58 years, who had concurrent, drugresistant seizures, all seen between 1998 and 2016 for video-EEG (electroencephalogram) telemetry in the Epilepsy Monitoring Unit (EMU) at the University Hospital campus of the London Health Sciences Centre (LHSC). These cases are first summarized individually and then analyzed collectively.
A C C E P T E D M A N U S C R I P T Aside from this, there was scattered high T2 signal focus in the white matter of both hemispheres, which was believed to indicate micro-angiopathic changes (Figure 6a ).
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EEG telemetry recorded several non-epileptic events in addition to a questionable partial seizure, associated with insufficient cortical representation and no other EEG abnormalities (i.e., a normal wakeful and sleep EEG).
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Discussion
Septo-optic dysplasia refers to a heterogeneous group of disorders that variably include optic nerve and/or optic chiasma hypoplasia, accompanied by either the absence or dysgenesis of the septum pellucidum [4] [5] [6] , as well as hypothalamic-pituitary deficiency.
SOD-Plus, which exhibits the classic triad of findings in addition to other evidence of cortical malformation, is currently believed to primarily be a genetic disorder that affects multiple stages of cortical development, as opposed to being caused by any of the physical insults -like infection, infarction or hemorrhage -often implicated for isolated SOD [32] [33] [34] or schizencephaly alone [35] [36] [37] . Indeed, only a small percentage of isolated SOD cases are believed to have a predominantly genetic basis 35, 38 . Seizures are not uncommon in these patients, though most reports describe only a single or at most a few cases 4, 5, 9, 11, 13, 19, 20, [23] [24] [25] [26] [27] [28] [29] [30] [31] . In perhaps the only relatively large series, from Spain, 11 of 20 patients with documented SOD (55%) also had documented epileptic seizures 28 .
Meanwhile, in a series of 100 patients with optic nerve hypoplasia, 12% had documented seizures; however, only 10% of the 100 had confirmed SOD, and how many of these 10 had seizures was not reported 19 .
In our series of six patients with MRI-documented SOD and EEG-documented seizures, there were three males and three females. The age at presentation to our EMU ranged from 18 to 58 years (mean 38.7, standard deviation 15.9). Ophthalmological studies, MRI, and dynamic pituitary function tests make the Diagnosis of SOD in our patients without genetics testing.
The International League Against Epilepsy (ILAE) has proposed the following definition of drug-resistant epilepsy and suggests that this term be used instead of the term 'refractory epilepsy' 39 . Drug-resistant epilepsy occurs when a person has failed to become (and stay) seizure free with adequate trials of two seizure medications. By this definition, all of our patients with SOD were referred to the epilepsy clinic for drugresistant epilepsy. In addition, consistent with the heterogeneous ocular manifestations of SOD 2, 17, 38 , three of the six had visual impairment. In addition, two of our patients had
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combined hypothalamic-pituitary disturbance, with growth hormone (GH) deficiency the most common pituitary endocrinopathy (33.3%), followed by hypothyroidism and adrenal insufficiency (16.6%); one female also suffered from infertility which may also have been endocrine-related. Only a single patient had multiple pituitary hormonal deficiencies. One patient had global developmental delay and three had intellectual and/or behavioral deficits; overall, mild to moderate neurological deficits were observed in four of the six patients.
On MRI, bilateral optic nerve hypoplasia was identified in 50% of the patients.
Anatomical MRI studies also revealed very heterogeneous morphological anomalies, ranging from isolated agenesis of the septum pellucidum in one case, to multiple malformations involving the cerebral cortex, with some malformation in cortical development identifiable in 5/6 patients. These malformations included schizencephaly, pachygyria, polymicrogyria, cortical dysplasia and heterotopias. On EEG telemetry, a range of different seizure types were identified, and seizures had a multifocal onset in four patients. In five of the six patients, the malformation of cortical development was believed to have contributed directly to seizure intractability.
In the literature, focal cortical dysplasia (FCD), a malformation of cortical development, is the most common non-tumor cause of drug-resistant epilepsy in the pediatric population and the second or third most common etiology of medically-intractable seizures in adults 37, [40] [41] [42] [43] [44] . It also is among the abnormalities most commonly associated with schizencephaly -a rare birth defect that involves slits or clefts in the cerebral hemispheres of the brain, which may appear either unilaterally or on both sides of the 
